patients were measured at an at least 6-month interval before and after surgery. Eight patients underwent palatoplasty for cleft palate, and the other 10 patients underwent orthognathic surgery, syndromic craniosynostosis, and postpharyngeal flap surgery. All patients included in the study demonstrated clinical signs of obstructive sleep apnea, such as snoring and cessation of breathing during sleep. An apnomonitor was used for presurgical and postsurgical sleep apnea status by measuring: 1) position during sleep; 2) percutaneous oxygen saturation; 3) respiratory analysis, such as the type of apnea-hypopnea, frequency of the events, and duration of apnea-hypopnea; 4) heart rate; and 5) snore analysis, such as trains, time, mean, and minimal and maximal amplifications. The apneahypopnea index (AHI) was significantly improved after surgery, especially in cases other than palatoplasty (7.4 ± 8.73/h and 1.6 ± 0.43/h, before and after surgery, respectively; P , 0.05 excluding palatoplasty). The percentage of snoring to total sleep was also improved significantly (22.4 ± 19.74% and 9.0 ± 8.54%, before and after surgery, respectively; P , 0.01 in all patients). Therefore, changes in sleep apnea parameters were elucidated in craniofacial surgery. Palatoplasty did not necessarily worsen the sleep apnea status, although there were snoring and anatomic abnormalities. Detachment of the pharyngeal flaps improved sleep apnea, and bimaxillary advancement was effective in normalizing sleep apnea.
Sleep apnea in craniofacial surgery was investigated. Between January 1999 and December 2003, 18 patients were measured at an at least 6-month interval before and after surgery. Eight patients underwent palatoplasty for cleft palate, and the other 10 patients underwent orthognathic surgery, syndromic craniosynostosis, and postpharyngeal flap surgery. All patients included in the study demonstrated clinical signs of obstructive sleep apnea, such as snoring and cessation of breathing during sleep. An apnomonitor was used for presurgical and postsurgical sleep apnea status by measuring: 1) position during sleep; 2) percutaneous oxygen saturation; 3) respiratory analysis, such as the type of apnea-hypopnea, frequency of the events, and duration of apnea-hypopnea; 4) heart rate; and 5) snore analysis, such as trains, time, mean, and minimal and maximal amplifications. The apneahypopnea index (AHI) was significantly improved after surgery, especially in cases other than palatoplasty (7.4 ± 8.73/h and 1.6 ± 0.43/h, before and after surgery, respectively; P , 0.05 excluding palatoplasty). The percentage of snoring to total sleep was also improved significantly (22.4 ± 19.74% and 9.0 ± 8.54%, before and after surgery, respectively; P , 0.01 in all patients). Therefore, changes in sleep apnea parameters were elucidated in craniofacial surgery. Palatoplasty did not necessarily worsen the sleep apnea status, although there were snoring and anatomic abnormalities. Detachment of the pharyngeal flaps improved sleep apnea, and bimaxillary advancement was effective in normalizing sleep apnea.
Key Words: Sleep disturbance, sleep apnea, craniofacial surgery S leep apnea is sometimes accompanied with obesity 1 and abnormal craniofacial morphology. 2, 3 The detailed pathogenesis remains unknown; however, anatomic positioning and abnormal craniofacial dimensions, such as a lowered hyoid bone position, a shorter posterior airway space, and an elongated soft palate could be causes. Pharyngeal flap surgery and palatoplasty also induce secondary sleep apnea 4,5 among infant patients.
Anatomic su sceptibility to sleep apnea is determined by the relationship between the fixed dimensions of the craniofacial skeleton and the volume and distribution of soft-tissue structures and adipose tissue that reside in the skeletal compartment. Some types of craniofacial surgery may induce a narrower pharyngeal airway space or sleep disturbance as postoperative sequelae by functionally impairing the anatomic dimensions. 6, 7 In syndromal craniofacial synostoses, which demonstrate multiple anatomic and functional anomalies, there are undiagnosed obstructive sleep apneas. 8 In addition, some patients demonstrate clinical snoring and cessation of breathing during sleep but not significant obstructive sleep apnea. We, therefore, sought to investigate prospective craniofacial surgical cases that demonstrated sleep disturbance witnessed subjectively by a family member, such as cessation of breathing or severe snoring. Among surgical interventions, patients who had remarkably distorted craniofacial structures and who undertook possible obstructive surgeries, such as palatoplasty for cleft palate patients, pharyngeal flaps for velopharyngeal incompetence (VPI), orthognathic surgery, and craniofacial advancements in our institute were tested for presurgical and postsurgical apnea status. An easy and ready-to-use apnomonitor, which assesses sleep positions, percutaneous tissue oxygen saturation, the AHI, heart rate, and snoring characteristics (trains, time, maximum and minimum) in one recording machine was used to test the apnea status. This analysis may be useful in determining sleep apnea after craniofacial surgery. For cleft palate patients, in fear of postoperative sleep disturbance, 8 of 28 surgical patients, who clinically demonstrated macroglossia, micrognathia, hypertrophied adenotonsils, and snoring during sleep, were included during this observation period. Among 2 cases of pharyngeal flap for VPI correction, 1 was diagnosed with congenital VPI at the age of 6 years and underwent pharyngeal flap surgery at 13 years of age, and the other was a cleft palate patient who underwent 2-flap palatoplasty at the age of 18 months and was diagnosed with established VPI at 6 years and 6 months old. Among mandibular surgery cases, 2 cases were mandibular setback operations, and the other 2 jaw surgery cases were both maxillary and mandibular advancement operations. A 6-year-old girl with Pierre-Robin sequence, a 25-year-old man with a massive arteriovenous malformation, a 27-year-old woman with a complex pan-facial fracture, and a 24-year-old man with Pfeiffer syndrome were investigated (Tables 1 and 2 ).
MATERIALS AND METHODS

Patients
Apnea Monitor
For the analysis of before and after surgery sleep apnea status, the Synogram Synectics sleep apnea monitor system (Medtronic Upper Airway; Maastricht, the Netherlands) was used. This system ensures the assessment of: 1) sleep position; 2) percutaneous oxygen saturation; 3) respiratory analysis, such as the type of apnea-hypopnea, frequency of events, and duration of apnea-hypopnea; 4) heart rate; and 5) snore analysis, such as trains, time, mean, and minimal and maximal amplifications.
The probes and sensors included an oro-nasal sensor fixed to the white lip of the patient, a snore probe fixed to the neck, a position sensor fixed to the anterior surface of the sternum, thoracic and abdominal sensors fixed near the nipple and navel, and a saturation percutaneous monitor. These were all connected to a small recording box loaded by the patient during sleep, and the maximal recordings were 12 hours per patient.
Apnea started the recording when the respiratory amplitude (in airflow) decreased to 30% for adults and to 20% for infants or when the respiratory amplitude (in effort) decreased to 10%. Recording stopped when the respiratory amplitude (in airflow) increased to 50% for adults and to 23% for infants and the respiratory amplitude (in effort) increased to 12%. The recording lasted at least 10 seconds in adults and 6 seconds in infants. Hypopnea started when the recording of the respiration amplitude decreased to 50% and stopped recording when the respiratory amplitude increased to 50%. The recording lasted 10 seconds in adults and 6 seconds in infants. The AHI is determined by the combination of the apnea and hypopnea frequency per sleep hour.
Statistics
Results were expressed as the mean ± SD. The data between the groups were evaluated by Scheffe's test, and P values ,0.05 were considered significant.
RESULTS
N o patient in this study was obese by measurement of the body mass index (BMI), excluding the 6 infant cleft palate cases. The average BMI was 16.7 ± 1.77 kg/m 2 , and there was no significant difference between the genders. Therefore, the effects of obesity on sleep apnea in this investigation group are excluded. The average interval between before and after surgery measurements was 11.6 ± 7.07 months, with a maximum of 35 months for the pharyngeal flap detachment case and a minimum of 6 months for the cleft palate cases. All surgeries were performed uneventfully.
There was a significant difference in AHI between before and after surgery measurements. The presurgical AHI was 5.5 ± 6.88/h, whereas the postsurgical AHI was 2.1 ± 1.19/h (P , 0.05). In detailed analysis of the AHI by surgery type, cleft palate surgery did not change the AHI significantly (3.0 ± 2.11/h and 2.8 ± 1.48/h, before and after surgery, respectively); however, excluding the cleft cases, the postsurgical AHI was significantly lower than that before surgery (1.6 ± 0.43/h and 7.4 ± 8.73/h, respectively; P , 0.05). The total frequency of AHI events before surgery was not significantly greater than after surgery (54.1 ± 67.76, 21.6 ± 12.84, respectively) and patients other than with a cleft palate demonstrated a significant difference between before and after surgery measurements (73.0 ± 86.47 and 17.8 ± 4.22, before and after surgery, respectively; P , 0.05), whereas the cleft palate group demonstrated no significant difference (30.5 ± 14.77 and 29.9 ± 15.39, before and after surgery, respectively).
There was no significance difference between before and after surgery measurements in the frequency of snoring events (51.7 ± 24.60 and 34.9 ± 33.57, before and after surgery, respectively) and there was a significant difference between before and after surgery measurements in patients other than cleft palate patients (63.7 ± 14.94 and 32.0 ± 36.06, before and after surgery, respectively; P , 0.02), whereas there was no such difference among cleft palate patients (36.8 ± 26.85, 38.6 ± 32.20, before and after surgery, respectively). The percentage of snoring to total sleep was significantly greater before surgery than after surgery (22.4 ± 19.74% and 9.0 ± 8.54%, respectively; P , 0.01). The percentage of snoring to total sleep in patients other than cleft palate patients was significantly different between before and after surgery (33.2 ± 17.85% and 9.0 ± 5.47%, before and after surgery, respectively; P , 0.001), whereas there was no such difference in cleft palate patients between before and after surgery (8.8 ± 12.58% and 8.9 ± 11.77%, before and after surgery, respectively).
Clinical Reports
Case 9 (Bimaxillary Retrusion, Panic Disorder)
A 42-year-old male had suffered from inhalation respiratory disturbance for decades. Five years previously, two thirds of the epiglottis had been surgically removed in the otolaryngology department of our institute. The symptoms did not change after surgery and, even in daytime, breathing difficulties were noted. Obstructive sleep apnea was suspected and he was referred to us for treatment. On cephalogram, both Sella-Nasion-point A (SNA) and SellaNasion-point B (SNB) were 75 and 71 degrees, therefore, bimaxillary advancement was performed in accordance with the previously reported method. 9 The inferior airway space increased from 11 to 13 mm before and 12 months after surgery. The AHI fell from 2.4 to 1.7/h and the percentage of snoring to total sleep fell from 14.6% to 7.1% in a 12-month interval. This patient was also diagnosed with panic disorder for the daytime breathing difficulty (Figure 1 ).
Case 13 (Congenital VPI)
The articulation disorder was pointed out at 6 years old and pharyngeal flap surgery was performed. During attendance at the outpatient clinic, snoring, cessation of breathing, and hyponasality of the voice worsened, especially when suffering from upper respiratory infection. At the age of 13 years, detachment of the pharyngeal flap and Furlow-type opposite Z-flap was performed. AHI subsequently improved and all of the symptoms subsided. The AHI fell from 10.5/h to 1/h, and the percentage of snoring to total sleep time improved from 45% to 12% in a 35-month interval.
Case 18 (Peiffer Syndrome)
At 15 months old, cranioplasty was performed for the treatment of craniosynostosis in another institute. At 8 years old, fronto-orbital advancement was performed for the correction of exorbitism in another institute. Recurrent exorbitism and midfacial hypoplasia were the chief complaints on referral to our institute for Le Fort III osteotomy, and distraction osteogenesis and mandibular advancement were performed at 24 years old. Seven months later, the distraction devices, naso-ethmoidal osteotomy and costo-chondral grafts were removed. The AHI fell from 30.8 to 1.3/h, and the percentage of snoring to total sleep improved from 59.5% to 0% in an 18-month interval after bimaxillary advancement (Fig 2) .
DISCUSSION S
leep-related breathing disorders in adults are defined as AHI values from 5 to 14.9 (mild), and 15 and greater (moderate to severely abnormal). 10 The mean AHI score, excluding cleft palate patients, at a mean age of 23.8 years old, ranging from 6 to 42 years old, was 7.4/h before surgery, categorized as mildly abnormal, and 1.6/h after surgery, categorized as recovered from sleep apnea. In children, although AHI scores were low, there was serious obstructive sleep apnea. 11 Our pediatric cases were mainly cleft palate cases, with AHI scores of 3.0/h before surgery and 2.8/h after surgery. There was no great change in AHI between before and after surgery measurements. Our series demonstrated a significant improvement in sleep apnea in various craniofacial surgeries, such as pharyngeal flap detachment and both nonsyndromic and syndromic bimaxillary advancement. In contrast, palatoplasty for cleft palate patients did not worsen AHI and snoring. There was a significant improvement in AHI and the percentage of snoring to total sleep after surgery in all patients, and this was evident in all patients, excluding cleft palate patients. Because a palatoplasty did not necessarily worsen obstructive sleep apnea, this supports the previous report of Furlow, in which palatoplasty for VPI at a mean age of 5.1 years did not remarkably persist 6 months after surgery. 5 Although clinically, a high frequency of snoring and skin discoloration may be noticed among some cleft patients, there was no significant worsening of the apnea markers in our series. With at least a 6-month interval, pharyngeal flap surgery in a child (mean age, 6.3 years) induced mildly obstructive sleep apnea in 42%, and 58% patients developed moderate to severe obstructive sleep apnea. 4 Their index, known as the respiratory disturbance index, is not exactly the same as our AHI, and from for values of 1 to 4.9 it is categorized as ''mild'' and values of at least 5 are considered moderate to severe. Our 2 cases at 13 years old and 6.4 years old both underwent pharyngeal flap surgeries, with AHI of 10.5/h and 9.4/h, which improved to 1.0 and 2.0/h, respectively. This may support the hypothesis that the pharyngeal flap induces sleep apnea, which is reversible in a child after detachment. In children with a mean age of 7.32 years, ranging from 2.5 weeks to 18 years old, tracheostomy could be avoided by careful surgical management, with a high success rate. 12 Orthognathic surgery changes the pharyngeal airway space, 6, 7 and may, therefore, be a risk factor, but in our cases, all orthognathic surgical cases improved both the AHI and snore evaluation. Expansion of the maxillomandibular bones is a treatment for sleep-disordered breathing; 13 however, even mandibular setback surgery together with maxillary advancement, as demonstrated in our cases (cases 11 and 12), does not necessarily produce oximetry analysis changes if patients are within the normal range and are devoid of sleepdisordered breathing.
14 Syndromal craniofacial synostosis demonstrated undiagnosed obstructive sleep apnea in children, 8 with evidence of sleep apnea in the literature in adult syndromal craniosynostosis, such as Crouzon disease, Apert syndrome, and Pfeiffer syndrome. 15, 16 Our case (case 18) demonstrated a moderate to severe AHI score (30.8/h) and a remarkable percentage of snoring to total sleep (59.5%) before surgery improved the AHI score to 1.3/h, with no snoring after surgery.
The apnea monitor used in this study was easy, reliable, and relevant to the clinical manifestations in periodical craniofacial surgery. More applications are necessary for further analyses.
